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Abstract 
 
Crystallization processes of alloys determine structure of castings and the same their utility properties. Knowledge about run of the 
processes is a source of information for development of technology to preparation of liquid metal and to control of preparation of the 
alloys within in industry. Hence, making use of crystallization processes theory to control of the technological processes aimed at 
obtaining the best possible structure of the material for a given requirements becomes important factor in production of castings. 
The paper discusses an impact of the modification process and heat treatment on mechanical properties of AK132 (AlSi12Cu2Fe) alloy. 
Investigated alloy was melted in electric resistance furnace. Run of the crystallization process has been presented with use of thermal-
voltage-derivative analysis (ATND). That method was also implemented to determination of temperature range of heat treatment 
operations of the alloy. Obtained results concern registered solidification curves from the ATND method, luminous microscopy, strength 
tests and observation of fracture’s surfaces of the tested alloy after static tensile test.  
For approximately eutectic AK132 silumin there were obtained advantageous changes of mechanical properties of the alloy caused mainly 
by refining of ∝+Si eutectic mixture, present in not-modified alloy in lamellar form. The changes are also reflected in course of the 
crystallization process and morphology of fracture surface after static tensile test. Performed heat treatment of AK132 silumin, consisting 
on hyper quenching and ageing has enabled to obtain positive result connected with additional implementation of ATND method, which 
registers melting (heating) processes of the alloy, to determination of heat treatment temperatures. On base of performed tests of heat-
treated alloy one has specified the range of parameters, which determine obtaining the best possible mechanical properties. The research 
was performed in laboratory conditions, and therefore requires verification in industry conditions. 
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1. Introduction 
 
The most numerous groups among aluminum alloys used in 
foundry industry are technical alloys of aluminum with silicone as 
the main component – called as silumins [1]. 
These alloys, which are based on equilibrium of Al-Si, are 
composed from additional components (e.g. Mg, Cu) enabling, 
except modification, improvement of mechanical properties 
obtained in result of the heat treatment. 
Wide usage of aluminum cast alloys, silumins mainly has 
become possible after invention of the method, which changes 
shape of solidification of Al-Si eutectic mixture.  This primary 
thick, needle-like shape of Si crystals becomes altered into fine 
and compact structure due to introduction of small quantities of 
modification agent.  
As modifying agents are used sodium or strontium and 
phosphorus [2]. 
There are existing numerous hypothesizes trying to explain 
the phenomena occurring during processes of  the modification 
[3-7], which differ each other in such extent that there is difficult 
to formulate a single coherent theory of that process. As a last 
resort a positive effect of the modification is important, thus 
achieved crumbling of structure and improvement connected with 
its mechanical and technological properties.   
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Moreover, it is not possible to pass over an impact of 
technological conditions on the process of modification, because 
even optimally selected modifier is not able to fulfill its task  at 
not properly chosen technological conditions. 
Quality of structure modification depends on correct batching 
of the modifier, temperature of metal and time passing from 
modification to solidification of alloy [8]. 
Getting an adequate structure of material, which determines 
its behavior for specific requirements becomes possible owing to 
implementation of theory of crystallization processes in control of 
technological processes [9,10]. That’s why the method based on 
analysis of temperature’s change (thermal - ATD, DTA), electric 
conductivity (electric - AED) and the method of thermal-voltage-
derivative analysis (ATND) were introduced. These methods 
enable registration of  the phenomena arisen in result of alloy 
solidification processes. 
The ATND method consists in permanent measurement of 
temperature and electric voltage generated on probes during 
crystallization and phase transformations of solidified alloy. In 
course of the measurement there are recorded generated voltage 
and temperature of tested specimen. Course of the crystallization 
is presented in form of diagram created during solidification of 
the alloy [11]. 
In the midst of many technological tests, a methods enabling 
prompt control of the alloy as early as before starting production 
of castings have a big importance. That condition is fulfilled by 
fracture test, simplified impact tests [12] and fractography being a 
branch of materials science, dealing with description of 
topography of fracture’s surface (separation), arisen in result of 
broken continuity of the material. Fractography analysis (pictures 
of fracture’s surface) enables direct description of the impact of 
structural condition of material on processes connected with its 
destruction and constitutes a development of the fracture tests, 
because only at magnifications accessible with use of electron 
microscope (transmission electron and scanning electron ones) 
[13] majority of morphology features of surface’s fracture is 
visible. In case of the modification there occurs a change of 
morphology of the fracture [14]. 
 
2. Methodology of the research 
 
The AK132 alloy is rated among multicomponent alloys 
commonly used in foundry industry. It is called as an 
approximately eutectic alloy (silicone as a component is present 
in quantity close to eutectic one).  
First stage of the research had consisted in testing of 
crystallization run of the alloy from pig saws. To production of 
standardized strength test pieces according to PN-88/H-88002-2 
standard one has poured the alloy into a metal mould, the mould 
was adapted to run of crystallization process with use of  ATND 
method. 
Next, one has performed treatment of refining with use of 
Rafal 1 preparation in quantity of 0,4% of charge’s mass. After 
termination of the refining one has removed oxygen and slag from 
metal-level and performed treatment of modification of the alloy 
by strontium with use of  AlSr10 foundry alloy in quantity of  
0,6% of charge’s mass (0,06% Sr).  
The heat treatment was performed for modified AK132 alloy. 
The treatment consisted on hyper quenching and ageing of the 
material. Temperatures of these treatments were selected on base 
of value of points from ATND solidification curves (Fig.1) 
obtained after performed melting process of the alloy and next its 
crystallization with simultaneous permanent measurement of 
voltage and temperature.  
 
 
 
Fig. 1. The ATND curves of melting and crystallization of AK132 
alloy: a) complete run of the process; b) magnification of the 
marked area [15] 
 
The Table 1 shows results of heat treatment operations for 
three-stage plan of the research having four variables, on base of 
that plan there were specified optimal values of temperature and 
duration of hyper quenching and ageing processes aimed at 
obtaining the best mechanical properties of the alloy.  
 
Table. 1.  
Heat treatment parameters of the alloy [15] 
temperature of 
ageing [
oC] 
duration of 
ageing [h] 
temperature of 
hyper 
quenching [
oC] 
duration of  
hyper 
quenching [h] 
A - 180   4  D - 520  2 
B - 200  8  E - 537  4 
C - 230  12  F - 550  6 
 
Chemical constitution of the tested alloy is shown in the Table 2. 
Specimens for the strength tests were prepared according to 
PN-88/H-88002 standard, whereas static strength tests were  
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Table 2.  
Chemical composition of the investigated AK132 (AlSi12Cu2Fe) alloy 
AK132 
Si  Fe  Cu  Zn  Ti  Mn  Ni  Sr  Pb  Cr  Mg  Al. 
[%]  [%]  [%]  [%]  [%]  [%]  [%]  [%]  [%]  [%]  [%]  [%] 
from a  pig saw  11,64  0,679  2,142  0,38  0,017  0,138  0,031  0,001  0,045  0,024  0,184  rest 
refined  11,57  0,798  2,125  0,42  0,017  0,206  0,031  0,001  0,05  0,04  0,147  rest 
modified  11,89  0,805  2,22  0,32  0,018  0,15  0,036  0,045  0,036  0,036  0,163  rest 
 
 
Performed in Krakow Institute of Foundry Engineering by 
Strength Tests Laboratory on SCHENCK tester destined to static 
tests. Elongation test was performed on Extensometr Schenck–
DSA 25/10M machine, having the following parameters: base 
24,9 [mm], measuring range of ±2,5 [mm]. Brinell hardness test 
was performed in compliance with PN-75/H04350 standard with 
use of Brinell hardness tester of PRL 82 type, steel ball with 
10mm diameter under load of 9800 N applied for 30 seconds. 
Analysis of chemical constitution was performed with use of 
spectrometry method (spectrometer of  ARL 3440 type). 
Photos of alloy’s structure after refining and modification, as well 
as photos of fracture’s surface of  AK132 silumin were taken in 
Krakow Institute of Foundry Engineering  
 
 
3. Description of achieved results of own 
research 
 
 
3.1. Raw alloy (from  pig saw) 
 
The Fig. 2 shows  solidification and crystallization curves of 
ATND method for raw AK132 alloy. 
 
 
Fig. 2. Curves of ATND method for raw AK132 alloy 
 
Mechanical properties obtained for the raw alloy (from pig saws) 
are shown in the table 3. 
 
Table 3.  
Mechanical properties of AK132 alloy from pig saw 
R0,02  R0,2  Rm  Eśr  A5  HB 
[MPa]  [MPa]  [MPa]  [MPa *10
4]  [%] 
74 - 95  127 - 150  190 - 237  5,3 – 8,04  1,3 – 2,2  85 - 90 
 
3.2. Refined alloy 
 
In the Fig. 3 are shown crystallization curves for the refined alloy. 
 
 
Fig. 3. Curves of the ATND method for refined AK132 alloy 
 
Mechanical properties of the alloy after refining are shown in the 
Table 4. 
 
Table 4.  
Mechanical properties of refined AK132 alloy 
R0,02  R0,2  Rm  Eśr  A5  HB 
[MPa]  [MPa]  [MPa]  [MPa *10
4]  [%] 
78 - 116  120 - 173  180 - 244  4,9 - 7,7  1,0 - 2,7  81 - 90,5 
 
For  the alloy after refining one has made a photo of 
microstructure (Fig. 4) and photos of fracture’s structure after 
static tensile test (Figs. 5,6).  
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Fig. 4. Microstructure of AK132 alloy after refining; 
magnification 100x 
 
Refined alloy is characterized with big educt of phases and 
eutectic mixtures. Visible α+Si eutectic mixture is the eutectic 
mixture of lamellar type, i.e. classified as not modified eutectic 
mixture. In the photo are also visible non-numerous crystals of 
primary silicon. 
 
 
 
Photo. 5. Surface of refined fracture of AK132 silumin; 
magnification 200x 
 
Transcrystallic fracture, fissile, with areas of cleavability in 
the educt of primary silicone is seen in the Fig. 5. 
 
 
 
Fig. 6. Surface of refined fracture of  AK132 silumin; 
magnification 1000x 
Front of fissile cracking through primary silicone is seen in 
the Fig 6. In the micro areas are seen a strips of deformed solid 
solution ∝-Al. 
 
3.3. Refined and modified alloy 
 
In the Fig. 7 are shown crystallization curved for refined and 
modified alloy. 
 
 
Fig. 7. Curves of the ATND method for refined and modified 
AK132 alloy 
 
Mechanical properties of the AK132 alloy after refining and 
modification are presented in the Table 4. 
 
Table 4.  
Mechanical properties of the AK132 alloy, refined and modified 
R0,02  R0,2  Rm  Eśr  A5  HB 
[MPa]  [MPa]  [MPa]  [MPa *10
4]  [%] 
82 - 105  125 - 148  230 - 288  5,0 - 9,0  1,3 - 6,0  73,5 - 89 
 
Obtained results point at a distinct increase of strength and 
elongation of the alloy after refining and modification with 
respect to mechanical properties of raw alloy (from pig saws) and 
refined alloy. 
Photo of microstructure was taken for the alloy after refining and 
modification (Fig. 8).  
 
 
 
Fig. 8. Microstructure of  AK132 alloy after refining and 
modification; magnification 100x 
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Visible enriched eutectic mixture and crumbling of primary 
silicone crystals testify correctly performed modification of the 
alloy. 
Change of alloy structure is reflected in course of its 
crystallization (Fig. 9).  
 
 
 
Fig. 9. Crystallization curves of the ATND method for AK132 
alloy  
 
The Figs. 10 and 11 present photos of structure fracture after 
static tensile test for refined and modified alloy. 
 
 
 
Fig. 9. Surface of refined and modified AK132 silumin; 
magnification. 200x 
 
Transcrystallic fracture with fairly good developed surface is 
shown in the Fig. 4. There are visible tear off edges of plastically 
deformed connections of the ∝-Al solid solution. 
In the Fig. 10 is shown transcrystallic fracture with developed 
surface. The fracture passes through area of the ∝-Al+Si eutectic 
mixture. There occurred tear off of connections in micro areas of 
the ∝-Al. solid solution 
 
 
 
Fig. 10. Surface of fracture of refined and modified AK132 
silumin; magnification 1000x 
 
 
3.4. Heat-treated alloy 
 
Refined and modified alloy was used to the heat treatment. 
Mechanical properties of the alloy after the heat treatment are 
presented in the Table 5. 
 
Table 5.  
Mechanical properties of heat-treated AK132 alloy 
R0,02  R0,2  Rm  A5 
[MPa]  [MPa]  [MPa]  [%] 
111 - 198  165 - 261  240 - 332  1,6 - 5,2 
 
Comparison of the parameter values presented in Tables 4 and 
5 confirm distinct improvement of obtained mechanical properties 
of the alloy. Making comparison of obtained average parameters 
from the test for alloy after heat treatment and alloy without heat 
treatment one has ascertained: 
•  elastic limit, R0,02 – growth with o 65%, 
•  yield point, R0,2 – growth with 55%, 
•  tensile strength, Rm – growth with 12%, 
•  A5 elongation – growth with 6%. 
Selection of temperature values and duration of hyper quenching 
and ageing operations, taking into consideration the strength 
parameters, was completed by determination of theirs optimal 
ranges: 
•  hyper quenching temperature – 540
oC, 
•   ageing temperature – 180 
oC, 
•  duration of hyper quenching – 2 hours, 
•  duration of ageing – 4 hours. 
For the parameters of heat treatment specified above there were 
obtained the best (maximal) mechanical properties of the alloy. 
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4. Conclusions 
 
Modification of with AK132 silumin with the AlSr10 foundry 
alloy in quantity of 0,6% has resulted in advantageous change of 
structure of the alloy and its mechanical properties. Effect of the 
modification is confirmed by morphology of fracture’s surface after 
static tensile test. 
Usage of the ATND method to registration of crystallization 
processes enables to make assessment of quality of the alloy 
resulted from reflection of changes in its structure on thermal and 
voltage curves of the method. 
Accomplished heat treatment of the alloy has enabled to 
determine optimal parameters of hyper quenching and ageing 
treatments to obtain the best possible mechanical properties of the 
material. 
Registration of melting process of the alloy can constitute a 
starting point to determination of temperature ranges of heat 
treatment operations of the AK132 silumin. 
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